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(54) Dielectric filter, dielectric duptexer and communication apparatus 



(57) Tliere is disclosed a dielectric filter and a strip- 
line filter comprising: a V2 resonator (R1 ) for generating 
resonance of 1/2-wavelength at a predetermined fre- 
quency, having both ends open-circuited or short- 
circuited; and a pair of }J4 resonators (R2,R3) respec- 
tively for generating resonance of 1/4-wave length at a 
frequency substantially equal to the predetermined fre- 
quency, each having one end open-circuited and the 
other end short-circuited; wherein the pair of X/4 reso- 
nators (R2,R3) are disposed in proximity to each of both 
ends from the vicinity of the center of the X/2 resonator 
(R1 ); a terminal (A) coupling to the }J2 resonator (R1 ) is 
provided as an unbalanced terminal; and temninals (B, 
C) coupling to the pair of A/4 resonators (R2,R3) is used 
as a balanced terminal. 

In the above filter, the balanced-type input/output of 
signals can be performed without using a balun. 
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Descrlpti n 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] Tlie present invention relates to dielectric fil- 
ters, dielectric duplexers, and communication appara- 
tuss Incorporating the same, which are used In high- 
frequency bands, 

2. Description of the Related Art 

[0002] Figs. 10Ato10E show the structure of a die- 
lectric fitter using a dielectric b\ocK which is mainly used 
in a micro-wave band. Fig. 1 0B is a front view of the die- 
lectric filter stood up, Fig. 1 0A is a top view thereof. Fig. 
1 0Cls a bottom view thereof, Fig. 1 0D is a left-side view 
thereof, and Fig. ICE is a right-side view thereof. In 
Figs. lOAto 10E, a reference numeral 1 denotes a die- 
lectric bloclc Inside the dielectric blocl< 1 , resonance line 
holes indicated by reference numerals 2a, 2b, and 2c 
are formed. On the inner surfaces of the resonance line 
holes, inner conductors are disposed to form resonance 
lines 5a, 5b, and 5c. A ground electrode 3 is formed on 
an external surface of the dielectric block 1, and exter- 
nal terminals 6 and 7 are provided by insulating from the 
.ground electrode 3. The external terminal 6 capacitively 
couples with the resonance line 5a, and the external ter- 
minal 7 capacitively couples with the resonance line 5c. 
In this way. a dielectric filter having band pass charac- 
teristics of a three-stage resonator is constituted. 
[000^] In such a dielectric filter shown In Rgs. 10A 
to 10E, the external terminals 6 and 7 perfonns an 
unbalanced-type input/output of signals while using 
each ground electrode as a reference potential. In order 
to send a signal to a balanced-input-type amplifying cir- 
cuit, for exannple, a balun (an unbalance-baiance con- 
version unit) must be used to convert an unbalanced- 
type signal into a balanced-type signal. As a result, the 
area occupied by a filterHcircuit part on a circuit board is 
increased, which leads to a hindrance to miniaturiza- 
tion. 

SUMiVIARY OF THE INVENTION 

[0004] To overcome the above described problems, 
prefen-ed embodiments of the present invention provide 
a dielectric filter, a dielectric duplexer. and a communi- 
cation apparatus incorporating the same, in which the 
balanced-type input/output of signals can be performed 
without using a balun mentioned above. 
[0OO5] One preferred embodiment of the present 
invention provides a dielectric fitter comprising: a X/2 
resonator for generating resonance of 1/2-wavelength 
at a predetemnined frequency, having both ends open- 
circuited or short-circuited; and a pair of Ay4 resonators 
respectively for generating resonance of 1/4-wave- 



2 

length at a frequency substantially equal to the prede- 
termined frequency, each having one end open- 
circuited and the other end short-circuited; wherein the 
pair of X/4 resonators are disposed in proximity to each 

5 of both ends from the vicinity of the center of the 7J2 res- 
onator; a terminal coupling to the 7J2 resonator is pro- 
vided as an unbalanced tei^ninal; and terminals 
coupling to the pair of Ay4 resonators Is used as a bal- 
anced temninal. 

10 [0006] According to the above structure and 
anBngement, an unbalanced terminal and balanced ter- 
minals can' be used to Input and output signals, and 
pass and attenuation in a predetemnined frequency 
band can also be perfomned by using these temninals. ^ 

15 [0007] In the above , described dielectric filter, the 
XJ2 resonator may be bent at substantially the center of 
the A/2 resonator. 

[0008] According to the above described anrange- 
ment, a ')J2 resonator and V4 resonators coupling 

20 thereto can be disposed at both sides, by which a com- 
pact arrangement can be obtained in a restricted space. 
[0009] Another prefen-ed embodiment * of the 
present invention provides a dielectric filter comprising: 
a first A/2 resonator for generating resonance of 1/2- 

25 wavelength at a predetermined frequency, having both 
ends open-circuited or short-circuited; and a second X/2 
resonator for generating resonance of iy2-wavelenc|th 
at a frequency substantially equal to the predetermined 
frequency, having both ends open-circuited; wherein the 

30 second Xy2 resonator is disposed in proximity to the first 
X/2 resonator; a temninal coupling to the first A/2 resona- 
tor is provided as an unbalanced temninal; and two ter- 
minals coupling to the second A/2 resonator aire 
provided as balanced terminals. 

35 [0010] According to the above structure and 
an^ngement, an unbalanced terminal and balanced ter- 
minals can be used to input and output signals, and 
pass and attenuation in a predetemnined frequency 
band can also be performed by using these terminals as 

4o well. 

[0011] In the above described dielectric fitter, the 
A/2 resonator and the A/4 resonator may be each either 
formed by a micro stripline or a stripline. 
[0012] According to the above structure and 

45 an-angement, without disposing a balun, in addition to a 
circuit for performing the balanced input/output of sig- 
nals and a circuit for perfomning the unbalanced 
input/output of signals, a circuit having a filter can be 
easily formed on a dielectric substrate. 

50 [0013] In the above described dielectric fitter, the 
A/2 resonator and the A/4 resonator may be formed by a 
dielectric coaxial resonator comprising a dielectric blocl< 
on which a conductor film is disposed. 
[0014] According to the above structure and 

55 anBngement, although the dielectric filter has a coaxial 
resonator, when the dielectric filter is only mounted on a 
printed circuit board or the like, in addition to a circuit for 
performing the balanced input/output of signals and a 
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circuit for performing the unbalanced input/output of sig- 
nals, a circuit having a filter can be easily form d with- 
out the need for a balun. 

[0015] Yet another preferred embodiment of the 
present invention provides a diel ctric duplexer com- s 
prising the dielectric filter described above. 
[0016] Yet another preferred embodiment of the 
present Invention provides a communication apparatus 
comprising the dielectric fitter or the dielectric duplexer 
described above. . 7a 

[0017] The above described communication appa- 
ratus can be formed in a compact size with lightweight 
[0018] Other features and advantages! 
present invention will become apparent from the follow- 
ing description of the invention which refers to the is 
accompanying drawings. ' 

BRIEF DESCRIPTION OF DRAWINGS' 

[0019] 20 

Fig. 1 A and Rg. 1 B respectively show a plan view of 
a dielectric fitter and an equivalent circuit diagram 
thereof according to a first embodiment of the 
present invention. 2S 
Fig. 2 shows an equivalent circuit diagram of a die- 
lectric fitter according to a second embodiment of 
the present invention. 

Fig. 3 shows an equivalent circuit diagram of a die- 
lectric filter according to a third embodiment of the 3o 
present invention. 
. Fig. 4 shows an equivalent circuit diagram of a die- 
lectric fitter according to a fourth embodiment of the 
present invention. 

Fig. 5 shows an equivalent circuit diagram of a die- 3S 
lectric filter according to a fifth embodiment of the 
present invention. 

Fig. 6A and Fig. 6B respectively show a perspective 
view of an external appearance of a dielectric filter 
and a sectional view thereof according to a sixth 40 
embodiment of the present invention. 
Fig. 7A and Fig. 78 respectively show a perspective 
view of an external appearance of a dielectric filter 
and a sectional view thereof according to a seventh 
embodiment of the present invention. 45 
Fig. 8 A and Rg. 88 respectively show a perspective 
view of an external appearance of a dielectric 
duplexer and a sectional view thereof according to 
an eighth embodiment of the present invention. 
Rg. 9 shows a blocl< diagram illustrating the struc- so 
ture of a communication apparatus. 
Figs. 10A, 108, 10C, 10D and 10E show projection 
views illustrating a prior art dielectric filter 

DESCRIPTION OF PREFERRED EMBODItVIENT 55 

[0020] The structune of a dielectric fitter in accord- 
ance with a first enribodiment of the pres nt invention 



will b illustrated with reference to Rg. 1. 
[0021] Rg. 1 A is a plan view of the dielectric filter. In 
this case, reference numerals 1 1 and 12 denote stripline 
electrodes, which are di$posed in proximity to each 
other on the upper surface of a dielectric substrat 20. A 
ground electrode is fomied substantially on the entire 
lower surface of the dielectric substrate 20. The dielec- 
tric substrate 20, the stripline electrodes 11 and 12, and 
the ground electrode form micro stripline resonators. 
Reference numeral 1 6 denotes ia through-hole to elec- 
trically connect the center of the stripline electi'ode 12 to 
the ground electrode on the lower surface of the sub- 
strate 20. Reference numerals 13, 14, and 15 denote 
stripline electrodes temninals. A capacitance CI is 
formed between an end of the stripline electrode 13 and 
a part near an edge of the stripline electrode 1 1 . In addi- 
tion, a capacitance C2 is generated between the strip- 
line electrode 14 and a part near an edge of the stripline 
electrode 12 and a capacitance 03 is generated 
between the stripline electrode 15 and a part near the 
other edge of the stripline electrode 12. Furthemiore, 
stray capacitances C4, C5, C6, and C7 are generated 
between each open-circuited end of the stripline elec- 
trodes 11 and 12 and the ground electrode, respec- 
tively. 

[0022] The stripline electrode 1 1 serves as a A/2 
resonator (having both ends open-circuited, and the 
stripline electrode 12 serves as two X/4 resonators, 
each having an end short-circuited and the other end 
open-cincu'ited. The X/2 resonator and the two Xf4 reso- 
nators make comb-line coupling. Since the line lengths 
of the stripline electrodes 11 and 12 are substahtially 
equal, the resonant frequencies of the above X/4 reso- 
nators are substantially equal to that of the X/2 resona- 
tor. 

[0023] Fig. 1 8 is an equivalent circuit diagram of a 
dielectric fitter shown in Rg. 1 A. In this case, reference 
numeral R1 denotes the above A/2 resonator, and refer- 
ence numerals R2 and R3 denote the above A/4 resona- 
tors. When a signal is inputted from a terminal A, the 
potentials at both ends of the A^ resonator couple to 
the signal and are reversed, and with maintaining the 
potential differences, the A/2 resonator couples with 
each of the A/4 resonators. As a result, outputs with the 
phase difference of 1 80°, which have filter characteris- 
tics, are obtained from output terminals B and C. 
Accordingly, the temriinal A can be used an unbalanced 
input terminal, whereas the terminals 8 and C can be 
used as balanced output terminials. There are provided 
band-pass-characteristic-type filter characteristics pro- 
duced by the A/2 resonator and the A/4 resonators 
between the input and the output. 
[0024] In contrast, when a balanced-type input of 
signals to the terminals 8 and C is perfomned, an unbal- 
anced-type output of signals can be obtained from the 
terminal A. 

[0025] Furthenmore. as a way for coupling th 
above A/2 resonator with the two A/4 resonators, other 



3 



BNSDOCID: <EP 1045469Aa_l_> 



5 



EP 1 045 469 A2 



6 



than the comb-line coupling, these resonators may b 
coupled by adding a lumped-constant element such as 
a capacitor. , 
[0026] In the example shown in Figs. 1A and 1B, 
the comb-line coupling (inductive coupling) is generated s 
by forming the above stray capacitances. However, for 
example, a capacitive coupling may be made by broad- 
ening the widths of the open-circuited ends of the strip- 
line electrodes 1 1 and 12. 

[0027] Furthermore, in the example shown in Figs. io 
1 A and 1 B, the center qf the stripline electrode is elec- 
trically connected to the ground electrode on the lower 
surface of the dielectric substrate by the through-hole. 
However, a ground electrode disposed on the same sur- 
face as that where a stripline electrode is disposed on is 
the dielectric substrate may be con^riected to the center 
of the stripline electrode. 

[0028] Rg. 2 is an equivalent circuit diagram of a 
dielectric fitter according to a second embodiment of the 
present invention. In this exarnple, a 7J2 resonator R1, 20 
and 7J4 resonators R2 and R3 are disposed in proximity 
to each other, the ends of the V2 resonator R1 are 
short-circuited. Between the center of the 7J2 resonator 
and a terminal A, a capacitance C1 is generated to 
make external coupling. The X/4 resonators B2 and R3, 25 
and the relationships between the resonators R2 and 
R3 and the external coupling are the same as those 
shown In Rg. 1 . , ' 

[0029] In Rg. 2, the center of the X/2 resonator R1 
is equivalently an open -circuited end, and the X/2 reso- 30 
nator R1 and the two }J4 resonators R2 and R3 Interdig- 
itally couple. With this structure, a dielectric filter having 
a temnlnal A as an unbalanced terminal and terminals B 
and C as balanced terminals can be obtained. 
[0030] Rg. 3 is an equivalent circuit diagram of a 35 
dielectric filter according to a third embodiment of the . 
present invention. This dielectric fitter is different from 
that shown in Rg. 1 in such a way that the vicinity of the 
center of a X/2 resonator R1 is bent in a C-letterfomi or 
U-letter fomn, and two 7J4 resonators R2 and R3 are dis- 40 
posed in proximity to the X/2 resonator R1 . Since the 
resonator R1 serves as a A/2 resonator over the entire 
length of the stripline electrode, this Is the same as the 
case of the first embodiment shown in Rg. 1. However, 
in the structure shown in Fig. 3, since the length of the 45 
stripline electrode can be adjusted to the resonator 
length of the 7JA resonator, areas occupied by the reso- 
nators on the dielectric substrate can be easily 
decreased. 

[0031] Rg. 4 is an equivalent circuit diagram of a so 
dielectric filter according to a fourth embodiment of the 
present Invention. In this figure, reference numerals R1 1 
and R12 denote micro-stripline resonators, which serve ' 
as X/2 resonators. The two resonators R1 1 and R12 are 
electromagnetically coupled. As the way for coupling ss 
the resonators, as described above, capacitive coupling 
may be made by widening the open-circuited ends of 
the micro-stripline resonators. Alternatively, comb-line 



coupling may be made by forming a stray capacttanc 
betwe n the open-circuited ends thereof and a ground 
electrode. In addition, a lumped-constant element such 
as a capacitor may be added. A capacitance CI is gen- 
erated between one end of the resonator R1 1 and ^n 
external terminal A. A capacitance C2 is generated 
between one end of the resoriator Ri2 and an external 
terminal B, and a capacitance C3 is generated between 
the other end of the resonator R12 and an external ter- 
. mlnal C. At the ends of the X/2 resonators R1 1 and R12, 
each phase is reversed to make coupling, and while 
maintaining the phase difference, the ends of the reso- 
nators are connected to the external temiinals. As a 
result, balanced signals having the phase difference of 
ISC', which have filter characteristics, are outputted 
from the external terminals B and C. Therefore, the 
external terminal A can be used as an unbalanced input 
terminal, and the external terminals B and C can be 
used as balanced output temrtinals. Between the input 
and the output, there are provided band-pass-type filter 
characteristics made by the X/2 resonator and the X/4 
resonators. * 

[0032] In contrast, when a balanced-type input of 
signals to the terminals ^B and C is perfonned, it is also 
possible to obtain an unbalanced-type output signal 
from the temninal A. 

[0033] Fig. 5 is an equivalent circuit diagram of a 
dielectric filter according to a fifth embodiment of the 
present invention. In thi3 example, a X/2 resonator R1 1 
and a X/2 resonator R 12 are disposed in proximity to 
each oth^r, and both ends of the resonator R11 are 
short-circuited. A capacitance CI Is generated between 
the center of the resonator, R1 1 and a temriinal A to 
obtain external coupling. The resonator R12, and the 
relationship between these resonators and the external 
coupling are the same as those shown in Rg. 4. 
[0034] In Fig. 5, the center of the resonator R11 Is 
equivalently an open-circuited end, and the resonator 
R11 and the resonator R1 2 make interdigltal coupling. 
With this structure, it is possible to obtain a dielectric fil- 
ter, in which the terminal A is used as ah unbalanced 
terminal, and terminals B and C are used as balanced 
terminals. 

[0035] Although the first to fifth embodiments use 
the dielectric fitters formed by the micro-stripline reso- 
nators, it may also be possible to use a dielectric filter in 
which stripline line resonators are formed by disposing 
stripline electrodes at positions where dielectric layers 
are disposed both at the upper and lower sides of the 
electrodes. 

[0036] Next, referring to Figs. 6A and SB, a descrip- 
tlori will be given of a dielectric filter formed by using a 
dielectric block, as a sixth embodiment of the present 
invention. 

[0037] Fig. 6A Is a perspective view of the external 
appearance of the filter, and Rg. 6B is a sectional view 
passing through two inner-conductor fomned holes. In 
the direction shown in Fig. 6A, the left front surface of 
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the fitter in the figure opposes a circuit board when actu- 
ally mounted on the circuit board. Exterrlal tenninals 6, 
7, and 8 , are connected to signal input/output elec- 
trodes, respectively, on the circuit board, and an outer 
conductor 3 is connected to the ground electrode on the 5 • 
circuit board. 

[0038] A dielectric block 1 entirety has a substantial, 
rectangular-parallelepiped configuration, in which two 
inner-conductor formed holes 2a and 2b are disposed. 
In addition, a slit 4 is fomned in the dielectric block 1 in 10 
such a manner that the center of the inner-conductor 
formed hole 2b is cut. An, outer conductor 3 is each 
formed on the inner surface of the slit 4, and the outer 
surfaces (four surfaces) except the upper and lower end 
faces of the dielectric block 1, which are shown in Rgs. 
1A and 1B. An inner conductor 5a is disposed on the 
inner surface of the inner-conductor formed hole 2a, 
and an inner conductor 5b is formed on the inner sur- 
face of the inner-conductor formed hole 2b. In addition, 
on the outer surfaces of the dielectric block 1, an exter- 
nal terminal 6, which generAtefe capacitance with a pairt 
near an end of the inner conductor 5a, and external ter- 
minals 7 and 8, which each generate capacitance with a 
p^rt near each end of the inner conductor 5b, are 
formed by separating from the outer conductor 3. 
[0039] With this structure, the inner conductor 5a, 
the dielectrk: block 1, and the outer conductor 3 serve 
as a single X/2 coaxial resonator, whereas the inner 
conductor 5b, the dielectric block 1, and the outer con- 
ductor 3 serve as two A/4 resonators. In addition, the 
inner diameter lengths of the inner-conductor formed 
holes are made different between the open-circuited 
end sides and the equivalently short-circuited end sides 
(the center parts of the inner-conductor formed holes) 
thereof With this structure, coupling between adjacent 
resonators occurs. As a result, the dielectrk: filter shown 
in Figs. 6A and 6B is equivalently the same as that 
shown in Fig. IB. Accordingly, in the dielectric filter 
shown in Figs. 6A and 66, the external terminal 6 can 
be used as an unbalanced terminal, whereas the exter- 
nal terminals 7 and 8 are used as balanced terminals. 
[0040] Although the two-stage resonators are 
formed in the example shown in Rgs. 6A and 6B, it is 
also possible to use resonators of three or more stages 
formed in a single dielectric block. 
[0041] In addition, although the slit 4 is fomned in 
the example shown in Figs, 6A and 6B, as an alternative 
to the slit, a hole may be formed vertically to an inner- 
conductor formed hole, and on the inner surface of the 
hole, a conductor may be formed to connect the inner 
conductor of the inner-conductor formed hole and an 
external conductor 3. 

[0042] Next, an example of another dielectric filter 
formed by using a dielectric block will be illustrated with 
reference to Figs. 7A and 78, as a seventh embodiment 
of the present invention. 

[0043] In the example shown in Figs. 6A and 68, 
the A/2 resonator and the two A/4 resonators are dis- 



posed to form the dielectric filter having the unbalanced 
t mninal and the balanced terminals. However, in the 
seventh embodiment, two A/2 resonators are disposed 
to a dielectric filter having an unbalanced terminal and 
balanced tenttinals. 

[0b44] Rg. 7A is a perspective view of the external 
appearance of the dieliectric fitter, and Fig. 78 is a sec- 
tional view passing through the two Inner-conductor 
fomned holes. A dielectric block 1 entirely has a sub- 
stantially rectangular-parallelepiped configuration in 
which two inner-conductor-formed holes 2a and 2b. 
Unlike the example shown in Rgs. 6A and 68, no slit is 
fomned in the dielectric block. An outer conductor 3 is 
disposed on each of the outer surfaces (four surfaces) 
IS except the upper and lower end faces of the dielectric 
block 1 in the figure. Inner conductors 5a and 5b are 
fomned on the inner surfaces of the inner-conductor 
fomned holes 2a and 2b. In addition, on the outer sur- 
faces of the dielectric bkx^ 1, an extemal terminal 6 
20 which generates capacitance with a jjart near an end of 
the inner conductor 5a, and extemal terminals 7 and 8, 
which each generate capacitance with parts of both 
ends of the inner conductor 5b, are formed by separat- 
, ing from the outer conductor 3. 
25 [0045] With this structure, the inner conductor 5a, 
the dielectric block 1, and the outer conductor 3 serve 
as one A/2 resonator, whereas the inner conductor 5b, 
the dielectric block 1^ and the outer conductor 3 serve 
as the other A/2 resonator. In addition, the inner diame- 
30 ter .lengths of the inner-conductor formed holes are 
made different between the open-circuited end sides 
and the equivalently short-circuited end sides (the 
center parts of the inner-conductor formed holes) 
thereof to generate coupling between adjacent resona- 
35 tors. As a result, the dielectric filter shown in Rgs. 7A 
and 78 is equiyalently the same as that shown in Rg. 4. 
Accordingly, the dielectric filter shown in Rgs. 7A and 
78 can be used a dielectric filter having the extemal ter- 
minal 6 as an unbalanced terminal and the external ter- 
40 minats 7 and 8 as balanced terminals. 

[0046] Next, refening to Rgs. 8A and 88, the struc- 
ture of a dielectric duplexer will be illustrated below. 
[0047] Fig. 8A is a perspective view of the extemal 
appearance of the duplexer, and Rg. 8B is a sectional 
45 view at a section passing through the inner-conductor 
fomned hole. In the direction shown in Rg. 8A, the left- 
front surface of the duplexer in the figure is opposed to 
a circuit board wheh surface-mounted on the circuit 
board. External tenninals 6, 7, 8, 9, and 10 are con- 
50 nected to signal input/output electrodes on the circuit 
board, and an outer conductor 3 is connected to a 
ground electrode on the circuit board. 
[0048] A dielectric block 1 entirely has a roughly 
rectangular-parallelepiped configuration, in which five 
55 inner-conductor formed holes 2a, 2b, 2c, 2d, and 2e are 
disposed. In addition, each slit 4 is formed in the dielec- 
tric block 1 in such a manner that the centers of the 
inner-conductor formed holes 2b and 2c are cut The 
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outer conductor 3 is fonned on each of the inn r sur- 
faces of the slits 4, and the outer surfaces (four sur- 
faces) except the upper and lower end faces of the, 
dielectric block 1 in the figure. Inner conductors 5a to 5e 
are each fomned on the inner surfaces of the inner-con- 
ductor formed holes 2a to 2e. In addition, on the outer 
surfaces of the dielectric block 1 are fornned an external 
terminal 6 which generates capacitance with a part near 
an end of each of the inner conductors 5a and 5e, exter- 
nal temninals 7 and 8 which generate capacitance with 
parts near the ends of the inner conductor 5b, and ^ 
external terminals 9 and 1 0 which generate capacitance 
with part6 pear the ends of the inner conductor 5c, 
[0049] With this an^ngement. the inner conductors 
5a, 5d, and 5e, the dielectric block 1 , and the outer con- 
ductor 3 form A/2 coaxial resonators^ and the inner con- 
ductor 6b, the dielectric block 1 and the outer conductor 
3 form two A/4 resonators. In addition, the inner conduc- 
tor 5c, the dielectric block 1, and the outer fconductor 3 
form two A/4 resonators. 

[0050] With this arrangement, the resonators 
formed by the inner conductors 5a and 5b can be used 
as a transmission fitter, and the resonators fomned by 
the inner coriductors 5c, 5d, and 5e can be used as a 
rec ption filter. In this case, the external temninal 6 is 
used as an unbalanced antenna terminal, the external 
terminals 7 and 8 are used as balanced transmission- 
signal input terminals, and the external terminals 9 and 
10 are used as balanced reception -signal output termi- 
nals. 

[0051] In each of the sixth, seventh, and eighth 
embodiments, the coaxial resonator is fomned by using 
: the single dielectric block so as to form the dielectric fil- 
ters or the dielectric duplexer. However, it may also be 
possible to form a dielectric filter or a dielectric duplexer 
comprising a coaxial resonator by bonding dielectric 
substrates each having a groove fonned in advance 
therein and an inner conductor formed therein together. 
[0052] In the examples shown in Figs. 6A, 6B, 7A, 
7B, 8A and 8B, each of the dielectric coaxial resonators 
is formed by using the end face of the dielectric block as 
the open-circuited end of the resonator, without fomning 
an outer conductor thereon. However, the present 
invention can similarly be applied to a dielectric coaxial 
resonator of a type in which a coupling electrode is 
formed on the end face of the dielectric block, used as 
the open-circuited end. Furthermore, the invention can 
similarly be applied to a dielectric coaxial resonator of a 
type in which a non-inner-conductor formed portion (a 
part where the inner conductor of an inner-conductor 
formed hole is eliminated) is formed inside each inner- 
conductor formed hole or in proximity to the opening 
thereof, without disposing no open face on the outer 
surfaces of the dielectric block. 

[0053] Next, the structure of a communication 
apparatus incorporating the above dielectric filters or 
the above dielectric duplexer will be illustrated with ref- 
erence to Rg, 9. 
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[0054] In this figure, ANT indicates a transmis- 
sion/reception antenna, DPX indicates a duplexer, 
BPFa, BPFb, and BPFc indicate band pass filters, 
AMPa and AMPb indicate amplifying circuits, MIXa and 
MIXb indicate mixers, OSC iridicates an oscillator, and 
DIV indicates a frequency divider (a synthesizer). The 
MIXa modulates a frequency signal outputted from the 
DIV by a modulation signal, the BPFa passes only sig- 
nals in a tiansmission frequency band, and the Ai\/tPa 
perfomns the power-amplification of the signals to trans- 
mit from the ANT via the DPX. The BPFb passes only 
signals In the reception frequency band among the sig- 
nals outputted from the DPX, and the AMPb amplifies 
the signals. The MIXb mixes the frequency signals out- , 
putted from the BPFc with the received signals to output 
intermediate frequency signals IF. 
[0055] As, the duplexer DPX shown In Fig. 9, the 
duplexer having the structure shown in 8A and 8B can 
be used. In addition, as the band pass filters BPFa, 
BPFb, and BPFc, the dielectric fitters having the struc- 
tures shown in Figs. 1 to 7B can be used. In this way, the 
overall compact communication apparatus can be 
fomned. 

[0056] While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by those 
skilled in the art that the forgoing and other changes In 
fomn and details may be made therein without departing 
from the spirit of the invention. 

Claims 

1. A dielectric filter comprising: * 

a A/2 resonator (1 1 ; R1 ; 2a, 5a) for generating 
resonance of 1/2-waveiength at a predeter- 
mined frequency, having both ends open- 
circuited or short-circuited; and 
a pair of Ay4 resonators (12; R2, R3; 2b, 5b) 
respectively for generating resonance of 1/4- 
wave length at a frequency substantially equal 
to the predetermined frequency, each having 
one end open-circuited and the other end 
short-circuited; 

wherein the pair of Ay4 (12; R2, R3; 2b, 6b) res- 
onators are disposed in proximity to each of 
both ends from the vicinity of the center of thei 
Ay2 resonator (11 ; R1; 2a, 5a); 
a temninal (A; 6) coupling to the A/2 resonator 
(1 1 ; R1 ; 2a, 5a) is provided as an unbalanced 
terminal; and 

temninals (B, C; 7. 8) coupling to the pair of Ay4 
resonatotTS (12; R2, R3; 2b, 5b) is used as a 
balanced terminal. 

The dielectric filter according to Claim 1, wherein 
the A/2 resonator (R1) is bent at substantially the 
center of the A/2 resonator (R1 ). 
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3. A dielectric filter comprising: 

a first 7J2 resonator (R1 1 ; 2a, 5a) for generat- 
ing resonance of 1 ^-wavelength at a predeter-' 
mined frequency, having both ends open- 5 
circuited or short-circuited; and 
a second ^2 resonator (R12; 2b, 5b) for gener- 
ating resonance of 1/2-wavelength at a fre- 
quency substantially equal to the 
predetermined frequency, having both enjds io 
open-circuited; 

wherein the second %J2 resonator (R1 2; 2b, 5b) 
is disposed in proximity to the first X/2 resona- 
' tor(R11;2a, 5a); 

a terminal (A; 6) coupling to the first X/2 resb- is 
nator (R11; 2a, 5d) is provided as an unbal- . 
anced tenninal; and 

two terminals (B, C; 7, 8) coupling to the sec- 
ond Ay2 resonator (R1 2; 2b, 5b) are provided as 
balanced terminals. 20 

4. The dielectric filter according to one of Clalnw 1 to 
3, wherein the UZ resonator (11) and the A/4 reso- 
nator (1 2) are each either fomned by a micro strip- 
line or a stripline. 2S 

5. The dielectric filter according to one of Claims 1 to 
3, wherein the Xy2 resonator (2a, 5a) and the A/4 
resonator (2b, 5b) are formed by a dielectric coaxial 

, resonator comprising a dielectric block (1 ) on which so 
a conductor film (3) Is disposed. 

6. A dielectric dup lexer comprising the dielectric filter 
of one of Claims 1 to 5. 

35 

7. A communication apparatus comprising the dielec- 
tric filter of one of Claims 1 to 5 or the dielectric 
dup lexer of Claim 6. 
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quency, having both ends open-circuited or short- 
circuited; and a pair of V4 resonators (1=12, R3) respec- 
tively for generating resonance of 1/4-wavelength at a 
frequency substantially equal to the predetemnined fre- 
quency, each having one end open-circuited and the 
other end short-circuited; wherein the pair of X/4 reso- 
nators (R2,R3) are disposed In proximity to each of both 
endis from the vicinity of the center of the X/2 resonator 
(R1); a temiinal (A) coupling to the 7J2 resonator (R1) 
is provided as an unbalanced tennlnal; and temninals 
(B, 0) coupling to the pair of X/4 resonators {Rt2,R3) is 
used as a balanced tennlnal. 

In the above filter, the balanced-type input/output of 
signals can be performed without using a balun. 
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